During kinetic studies on the extraction of iron(III) with trifluoroacetylacetone in a Triton X-100 micellar system, 1,2 the author found that the rate of interfacial transport of the triscomplex from the bulk aqueous phase to the micellar pseudophase was much slower than that of complex formation in the bulk aqueous phase, which caused the over-all extraction rate to be slow. Such an unusually slow extraction was also observed in the benzoyltrifluoroacetone-Triton X-100 micellar system. 3 Deceleration may introduce many advantages and disadvantages in analytical efficiencies, as in utilizing an "environmentally benign" extraction medium as practical extraction/separation analyses; hence, fundamental considerations on the extraction mechanism in the system are indispensable. Studies on the kinetics of extraction for iron(III) and other metals with several β-diketones are continuing by the author. To analyze the extraction kinetics, the values of the partition constant for extractants with high accuracy are required. The author has already reported values for a micellar system obtained by an indirect method using the extraction equilibria of iron(III) as a probe. 4 By this method, the existence of complex species in the bulk aqueous phase was neglected, 5 and thus the values may have errors. In the present study, the partition constant for five β-diketones in the similar system was reexamined directly using their UV-visible absorption.
Experimental
All reagents were of analytical grade and used without purification. The β-diketones (HA) used were acetylacetone (2,4-pentanedione; AA), benzoylacetone (1-phenyl-1,3butanedione; BZA), trifluoroacetylacetone (1,1,1-trifluoro-2,4pentanedione; TFA), benzoyltrifluoroacetone (1-phenyl-4,4,4triluoro-1,3-butanedione; BFA) and 2-thenoyltrifluoroacetone (1-(2-thienyl)-4,4,4-trifluoro-1,3-butanedione; TTA). The AA, TFA, BFA and TTA were supplied from Dojin Chemicals, Kumamoto, Japan and BZA was from Wako Pure Chemicals, Tokyo, Japan. A nonionic surfactant, polyethylene glycol tertoctylphenyl ether (Triton X-100) was supplied from Fluka, Switzerland.
All of the experiments were conducted in a thermostated room at 298 ± 0.5 K. A series of acidic aqueous solutions for several concentrations of Triton X-100 containing 3 × 10 -5 -1 × 10 -2 M of one of the β-diketones was prepared. The surfactant concentrations used in the present study were within the range 2.0 × 10 -4 -0.16 M (0.013 -10.0%). The pH of the solutions was kept below 2.8 by adding sulfuric acid. To avoid the ionpair extraction of anionic forms of the β-diketones, no additional salt was added to the solutions. After the solutions were left standing for at least 4 h to establish the distribution equilibria, their optical absorbance was measured at an appropriate wavelength. The absorbance was monitored by a Shimadzu UV-160 spectrophotometer using a quartz cell with a 0.2-, 1-or 5-cm light path. The pH of the solutions was measured by a Toa IM-40S potentiometer using a glass electrode.
Data Treatment
In the present paper, the concentrations of the chemical species in the bulk aqueous phase are denoted by subscript "a", those in the micellar phase by subscript "m", and those on the basis of total volume of the micellar solution by subscript "t". If the micellar system can be treated in a manner similar to a conventional liquid-liquid system, 6 the following data analysis is possible. The partition constant of the β-diketones (Kd) is defined as
The β-diketones are weakly mono-basic acid (values of aciddissociation constant for AA and BZA are about 10 -9 and for TFA, BFA and TTA are about 10 -6 ) 4 and can only be dissociated when the pH of the solution is high. However, the pH region of the present experiments was low enough, so that the total concentration, [HAT]t, in the whole system can be expressed as
Va and Vm are the volume fractions of the micellar and bulk aqueous phases, defined as
Here, φ is the molar volume of the micelle (1.29 M -1 ), 7 and CTriton X-100 and CCMC are the total concentration and the critical micelle concentration of the surfactant (2.4 × 10 -4 M), 8 respectively. If the values of the molar absorptivity of the β-diketone in the bulk aqueous and micellar pseudophases are different, the optical absorbance for the whole solution (A) can be written as
where L is the length of the light path and εa and εm are the molar absorptivity of the β-diketones in the bulk aqueous and micellar pseudophases, respectively. By introducing Eqs. (1) and (2) into Eq. (5), the total absorbance can be rewritten as
The εa can be obtained by a separate experiment, and A/L, Va, Vm and [HAT]t are known; thus, the set of εm and Kd can be calculated on the basis of Eq. (6).
Results and Discussion
In order to set up the most effective wavelength for the measurement, the UV-visible absorption of the β-diketones and the surfactant was first determined. Figure 1 shows the absorption spectra of aqueous Triton X-100 solutions. The absorbance increased as the surfactant concentration increased. The solutions had a large absorptivity in the UV region, which may have hampered the measurement for the absorbance of βdiketones, especially below 300 nm. Hence, all of the spectrophotometric measurements of the reagents were carried out above 300 nm. Figures 2(a) -2(e) show the absorption spectra of five βdiketones in several concentrations of aqueous Triton X-100 solutions. No absorption peak was found for AA, TFA and TTA in the present wavelength range for either of the aqueous or micellar solutions; the absorption maximum in the aqueous solution was found at 274 nm for AA, 280 nm for TFA and 266 nm for TTA. Thus, the absorbance at a shoulder in the peak was used for these three β-diketones. The wavelengths utilized were 300 nm for TFA, 310 nm for AA and BZA, 330 nm for BFA and 340 nm for TTA. In the case of BZA and BFA, measurements were also carried out at 360 nm to evaluate the partition behavior under higher β-diketone concentration conditions. The values of the molar absorptivity for these reagents in the absence of Triton X-100 at the above-mentioned wavelength (εa) were measured separately by dissolving into an acidic surfactant-free aqueous solution. The obtained values are listed in Table 1 . Although the absorbance was also measured in the presence of 2 × 10 -4 M Triton X-100, which is just below its CMC, no obvious change was observed between the two aqueous non-micellar solutions. Figure 3 gives the relationship between the optical absorbance at the appropriate wavelength (normalized with total HA concentration) and the volume fraction of the micellar pseudophase. By introducing the data in Fig. 3 into Eq. (6), sets of εm and Kd for the five β-diketones could be calculated; the values are summarized in Table 1 . The lines in Fig. 3 show the best-fitted ones obtained by the calculations. The values for BZA and BFA in the two different series are very similar, even though the initial concentrations of the β-diketones were different (the concentrations measured at 360 nm were 2.5 -100 times higher in the BZA system and 3 -30 times higher in the BFA system than those in the other series). Under lower βdiketone concentration conditions, one micelle was penetrated only one β-diketone molecule (0.1 -1 molecule per one micelle for BZA, 0.06 -0.5 for BFA); however, multiple reagents existed in one micelle (0.5 -20 for BZA, 0.4 -15 for BFA) under higher concentration conditions. The results show that the partition behavior of the β-diketones was not affected by changes in the number of β-diketone molecules in one micelle under the present experimental conditions. The partition constants of 8-quinolinol in four different micellar systems were measured using UV absorption and saturation solubility methods. 9 It was concluded that the values obtained by the different methods were all in good agreement, and the varieties in the number of 8-quinolinol in one micelle (60 -70 molecules per micelle in the saturation measurements) did not affect the partition constants. The effect of the variety in acidity (pH = 1.6 -2.8) was also measured for the TFA system; the values of εa and εm seemed to be slightly changed with a change in the pH. However, the ratios of εa and εm showed no obvious dependency on the pH, and the Kd values given in Table 1 agreed with each other within their errors. These facts indicate that changes in the distribution behavior of TFA by the change in the aqueous pH, such as changes in keto-enol tautomeric equilibrium or the formation of a proton-adduct, should be negligible in the present experimental range.
The Kd values of the five β-diketones in a similar system obtained previously using the indirect method 1,4 are also listed in Table 1 . A comparison of these two series of values shows that the values for all five β-diketones obtained here are somewhat smaller than those obtained previously.
The difference between the values obtained by the two methods for BFA and TTA is larger than those for the other three βdiketones. No consideration on the complex species in the bulk aqueous phase was made for these two β-diketones in the previous study; 5 the differences between the previous and the present Kd values became larger than the other systems.
Many methods have been reported to measure the partition constant for several extractants, for examples, direct determination after phase separation using a cloud-point or an ultra-filtration technique 10, 11 and an indirect method utilizing differences in reaction equilibria or kinetics of the extractant with metals or other solutes as a probe. 1, 4, 12, 13 However, the procedures and the data analysis for these methods are rather complicated and may yield an error in the results. The direct determination using the absorbance of the extractant itself 9, 14, 15 is the simplest technique and may reflect the most "true" behavior of the extractant in the solutions. complex species in the bulk aqueous phase (i.e., FeA 2+ , FeA2 + and FeA3) for AA and TFA systems, and by the mono-complex species in the bulk aqueous phase for BZA system, while no complex species was considered to exist in the bulk aqueous phase during the calculations for BFA and TTA systems. All the absorbance for the complex species was thus ascribed to the extracted tris-complex; the estimated distribution ratio of the metal must have been higher than the true values. 6. I. V. Berezin, K. Martinek, and A. K. Yatsimirskii, Russ.
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ANALYTICAL SCIENCES FEBRUARY 2001, VOL. 17 Fig. 3 Changes in the absorbance (normalized to the total extractant concentrations) for five β-diketones as a function of the volume fraction of the micellar pseudophase. The pH of the solutions for all the data was kept at 2.1. The lines are fitted ones calculated using the data in Table 1 into Eq. (6). 
